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II. APPARATUS AND TEST PROCEDURE

A. HEATING AND THERMAL ENVIRONMENT
A conventional plasma arc provided hot gas to heat the test specimens of ablative material. This arrangement is shown in Fig. 1 . A slender specimen was positioned such that its central region was heated by a flow of hot nitrogen gas from an electric plasma arc. that some cases will require somewhat more than 5 sec for internal temperature equilibration.
B. TENSILE STRENGTH
The tensile test fixture was designed to fit the internal dimensions of the arc tunnel in order to avoid modification of the existing tunnel. Figure I shows a layout of the test fixture in the arc tunnel just dowr ,tream of the arc flow outlet nozzle. A compressed air cylinder used to provide the tensile load was located at the top of a "C"-shaped loading frame. To avoid imnposition of bending moments on the specimen, universal joints were incorporated -5-
The desired specimen temperature was attained by adjusting the input rower level for the arc and the positioning of the loading frame with reference to the arc nozzle. Loading was commenced after the central temperature had remained constant for at least 3 sec, so that penetration of heat and charring within the central portion of the specimen would be ensured. Opening a gas valve to the loading cylinder caused linear increase of load with time over about 4 sec. Upon failure of the specimen, the arc flow was terminated.
Typical temperature-time and load-time curves are shown in Fig. 4 .
C. TENSILE STRESS-STRAIN
The tensile stress-strain tests used the same fixtures, instrumentation, and procedures that were used for the tensile strength tests described in Section B. However, the specimen geometry was modified to provide a central gauge section with reference holes, as shown in Fig. 3b , for observation of strain. In addition, motion pictures of the specimen test section were taken for the duration of each test. The framing rate was 48 frames/sec with an exposure time of 0. 01 sec/frame. The amount of strain (elongation), which is the change in gauge length caused by stress (load) and defined by the upper and lower set of holes in the gauge section, was obtained from the movies by the use of a film reader. The frames just prior to loading were used to establish a reference gauge length. Subsequent readings from start of loading to failure gave a complete strain history of the specimen. A strain-time curve was derived from the data; and from that, in conjunction with the stress-time curve, the tensile stress-strain curve was constructed.
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Time synchronization of stress and strain was done by manually marking the film at the instant of loading. Accuracy of this procedure was within about 5 frames.
D. INTERLAMINAR SHEAR STRENGTH
The same fixtures, instrumentation, and procedures used for the tensile strength tests described in Section B also were utilized for the interlaminar shear tests. The specimen geometry was changed, as shown in No. 4063 was used in the tests.
E. COMPRESSIVE STRENGTH
The compression test setup was similar to that used for tensile strength testing as described in Section B. Here, however, the specimen geometry was modified as shown in Fig. 5b to effect a compression failure mode, and the loading frame and fixtures were changed to provide a rigid load train (see Fig. 6 ). Otherwise, the same instrumentation and procedures were utilized. Photographs of typical fractured carbon and graphite tcnsile specimens are shown in Fig. 8 . The tensile strength of silica phenolic was obtained from tensile stress-strain specimens, and a photograph of a typical fractured specimen is shown in Fig. 9 .
All materials exhibited a significant loss of strength between room temperature and Z500°F. The carbon and graphite showed a slight gain of strength between 2500 F and 4500 F, whereas the silica showed a continuing loss of strength with increasing temperature. The experimental scatter of data at any temperature level was less than + 15%. No data are available for these materials with comparable fabric orientation from earlier tests conducted under slow heating conditions. However, the data of Schneider, et al.,
I
representing a composite of results for carbon laminates tested at various fabric orientations, are shown in Fig. 10 for qualified comparison. The lower strength levels indicated by these results may be due in large "art to the effect of the low interlaminar shear strength of charred laminates ( e Fig. 14) on the tensile strength of specimens that have a finite angle between -9- the fabric plies and the specimen axis. Thus, it cannot be concluded on the basis of available data that heating rate has a significant effect on the tensile strength of charred ablation materials. Further testing, in furnaces, on specimens with orientation similar to that of the specimens used in the present tests is required before a definitive comparison is possible.
Results of the tensile stress-strain tests are shown in Fig. 11 for graphite laminate and in Figs. 12 and 13 for silica laminates. Initial elastic modulus, E, and yield stresses are also shown in Figs. 11 and 12 . With the use of a film reader, the strains were obtained from motion pictures taken during these tests.
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For the graphite laminates, the failure strains were not obtained, since failures occurred away from the gauge sec ion with the failure stress lower than the ultimate value for the hot central area. Failures away from the central zone of maximum temperature for these specimens with straight test sections are explained in Section B. Only one specimen was tested at each tempe'ature, and during these preliminary tests no temperature record was obtained. The temperatures wcre estimated to b% about 3 7 5 0°k and 4850°F, based on previous temperature calibration runs. The single-sample data frr graphite laminates, shown in Fig. 11 , are subject to verification in further tests. However, these curves give an indi ation of the nominal behavior that may be expected for this material.
The tensile stress-strain results for silica laminates at about 2850°F (Fig. 12) show good repeatability, whereas those at about 3100 0 F (Fig. 13) show some scatter. This scatter could be expected, since the temperature is near the melting point of about 32500 F for this material. All failures occurred within the gauge length for these tests. A photograph of a typical -fractured specimen is shown in Fig. 9 .
Interlaminar shear strength tests were performed on post-cured graphite phenolic specimens; the results are plotted in Fig. 14. Shear stresses of from 250 to 360 psi were obtained at temperatures from 2500 to 4500 F. Typical specimen fracture at all temperatures is shown in Fig. 15 .
If these strains are desired, a slight modification of the specimen geometzy could assure failure within the gauge length.
-Il- The failure patterns of both graphite and silica laminates in cornpression appear to be the same. Although movies were taken of some of the tests, no well-defined failure mechanism was detected from them. Since these were the first tests done in compression, the movies were taken at a rate (150 frames/sec) to cover the full duration of each test from start of arc to specimen failure so that any flaw, such as delamination or erosion that could cause premature failure, or the failure triggering mechanism itself, could be detected. The films showed no well defined evidence of delamination or erosion; and failures in all cases were very abrupt, i. e. stable in one frame, complete failure in the following frame. It is evident that much higher framing rates would be necessary to study the compression failure mechanism. No definite failure mode could be established from a study of the specimens after failure because the fractured area had been distorted by the loading mechanism. After failure, the pibton rod continues to drive through to complete its travel of about 0. 20 in. This causes the upper and lower sections of the specimen to wedge together. Examination of the specimens "+er each test show evidence of shear and delamination. A photograph of a typical fractured specimen is shown in Fig. 17 .
Tensile itrength and tensile stress-strain tests at elevated temperatures were run with ATJ graphite as a check on the performance of the tensile loading apparatus and on the method of determining strains with the use of movies. These tests were run at temperatures and time periods that were typical of those used for the laminated materials, and the same Apecimen Lonfigurations were used. The results showed good agreement with available data on tensile strength and initial elastic modulus from furnace type tests where the heating rates were considerably lower. Figure 18 shows the ATJ graphite strength results with the furnace test data of Martens, It is planned to use the method that was used for tensile stress-strain to obtain the following: compressive stress-strain, thermal expansion, Poisson's ratios, very short time creep, and permanent set or the strain remaining after the removal of stress. 
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ABSTRACT
It is shown that the mechanical properties of rocket nozzle liners and reentry vehicle ablation materials can be determined by tests in which *a high temnperature plasma arc is used as a heat source. The arc flow is used to heat slender specimens, and a pneumatically actuated loading frame is used to apply stress. This method of testing provides heating and loading in time periods typical of the rapid heating during rocket firing or reentry, on the order of 10 sec. Earlier investigations of similar ablative materials have used specimens heated and charred (degraded) slowly prior to the application of load.
Strength and stress -strain properties in the warp direction were determined for carbon, graphite, and silica phenolic materials. The method appears promising for the determination of properties in various loading -laminate orientations and during thermal expansion, and for studies of heating and strain rate effects on strength at eievated temperatures. .
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